T he alternative pathway, approved by the AOAC Board of Directors on March 28, 2011, allows selected methods to enter the review process to obtain AOAC Official First Action Method status after being reviewed by Expert Review Panels (ERP) and meeting the criteria required by the standard method performance requirements established by the stakeholder panel. The approved methods will retain First Action status for approximately 2 years to allow the ERPs to monitor the method and laboratories to use the method and submit comments. After this 2-year period, the ERPs will review the method again to determine if it is acceptable for recommendation as Final Action to the Official Methods Board (1).
Vitamins D 2 and D 3
Vitamin D 2 , ergocalciferol, and vitamin D 3 , cholecalciferol, are two forms of vitamin D found in the body. Vitamin D is essential to the development of bone and mineralization through calcium homeostasis as well as being involved in many other bodily functions (2) . Because vitamin D is not readily available in many foods, the main source remains fortified foods (3) . Because of the importance of the vitamin D levels in foods, methods that produce accurate results in a timely manner are needed. The method "Determination of Vitamins D 2 and D 3 in Infant Formula and Adult Nutritionals by Ultra-Pressure Liquid Chromatography with Tandem Mass Spectrometry" was submitted for consideration using the alternative pathway. The method was reviewed by an ERP and adopted as an AOAC Official First Action Method. The method is applicable to a wide variety of food products. 
A. Principle
A ground, homogenized sample is mixed with an internal standard solution containing isotopically labeled vitamins D 2 and D 3 , with ethanol and with potassium hydroxide. The mixture is heated to ~65°C and refluxed under nitrogen. After saponification and mixing, the samples are diluted with water and cooled to room temperature. Samples are quantitatively transferred to a separatory funnel using 40% ethanol in water, followed by liquid-liquid extraction into n-heptane. Extraneous materials present in the n-heptane fraction are removed by performing a sequential liquid-liquid extraction with dilute potassium hydroxide in water, 40% ethanol in water, and water, respectively. The n-heptane fraction is filtered through sodium sulfate to remove residual water and evaporated to dryness using a rotary vacuum system. The sample is reconstituted in methylene chloride and isopropyl alcohol and interferences removed by elution through a disposable SPE silica gel column. The eluant from the SPE columns are evaporated to dryness and reconstituted in methanol, and the samples assayed using a methanol and ammonium formate gradient on a UPLC-MS/MS system equipped with a C18 column. Vitamin D is reported as the quantity of vitamins D 2 and D 3 present.
B. Apparatus
Note: Equivalents can be used for all equipment listed below.
(a) Analytical balance. samples to come to room temperature before weighing. (3) Perform all laboratory work under yellow or golden fluorescent lighting conditions for vitamin analysis using either low actinic or covered clear glassware.
(4) Perform all laboratory work in a hood with the exception of the Genevac Rocket evaporation systems, sample reconstitution with methanol, and sample analysis on the LC-MS/MS.
(5) Consult the laboratory equipment or analytical instrument operating manual for preventative and routine maintenance of the equipment utilized in this method.
(b) Sample preparation.-(1) Turn on the 6 × 500 mL heating mantle 10 min prior to intended use to reach temperature equilibrium.
(2) Dispense an appropriate quantity of sample into a 500 mL round-bottom flask based on Table 2011 .12A as a guide. Record the weight to 0.001 g for food and 0.0001 g for vitamin D premix samples.
(3) Add a stir bar and a few boiling chips to each flask, and add 0.5 g ascorbic acid and 0.5 g pyrogallic acid to each boiling flask.
( internal standard working stock solution (1000 ng/mL) to each boiling flask.
(5) Dispense 80 mL of 200-proof ethanol and 20 mL of 50% KOH to each boiling flask using a bottle dispenser. Attach a reflux condenser to each flask. Turn the magnetic stirrers, cooling water, and nitrogen gas overflow on.
(6) Reflux samples for 15 min at ~95°C. (7) After saponification, remove from heating mantle and add 50 mL Nanopure water. Allow the sample to equilibrate to room temperature.
(8) Quantitatively transfer the contents of the boiling flask to a 500 mL separatory funnel with 50 mL 40% (v/v) ethanol solution. Repeat this rinse step. Add 75 mL heptane, and shake the separatory funnel for 1 min. Let the phases separate, and transfer the upper heptane phase to a 250 mL separatory funnel. Repeat the extraction procedure once, and combine the extracts. Wash the combined heptanes phases once with 50 mL 1 M KOH solution, then twice with 50 mL 40% ethanol, and finally with a 100 mL portion of water. Shake separatory funnel vigorously for 30 s at every washing step.
(9) Transfer the heptane phase to an evaporator flask with a few granules of BHT and evaporate in the Genevac Rocket evaporator using a control temperature of 40°C and a chiller temperature of -10°C at 20 mbar of vacuum. Dissolve the residue in 1 mL 99.8:0.2 methylene chloride:isopropanol.
(10) Wash the SPE column by filling the cartridge reservoir (~5.5 mL) with 80:20 methylene chloride:isopropyl alcohol solution, followed by a full cartridge reservoir (~5.5 mL) of 99.8:0.2 methylene chloride:isopropanol solution.
(11) Transfer the solution from the evaporation flask to the SPE cartridge.
(12) Rinse the evaporator flask with 1 mL of 99.8:0.2 methylene chloride:isopropyl alcohol solution, and transfer the rinse to the SPE column. Elute the SPE column with 30 mL 99.8:0.2 methylene chloride:isopropyl alcohol solution into a receiving vessel. Quantitatively transfer the eluant collected into evaporator flask containing a few grains of BHT.
(13) Evaporate the samples on the Genevac Rocket evaporator to dryness.
(14) Reconstitute the samples with 1 mL methanol, and vortex mix well. Transfer the sample into a 3 mL disposable syringe equipped with a 13 mm syringe filter. Filter the sample into an HPLC vial containing an insert and assay by UPLC-MS/MS.
(15) For premix samples, reconstitute with 1 mL methanol, and vortex mix well. Quantitatively transfer the contents with a 9 in. disposable transfer pipet into a 10 mL volumetric flask. Repeat rinsing the flask until the volumetric is full. Stopper, mix, and transfer an aliquot using a disposable transfer pipet into a 3 mL disposable syringe equipped with a 13 mm syringe filter. Filter the sample into an HPLC vial containing an insert and assay by UPLC-MS/MS. 
where RF = response factor; PA a = peak area of analyte; C is = concentration of respective internal standard; PA is = peak area of respective internal standard; and C a = concentration of analyte.
(b) Calculate the concentration (μg/100 g) of the vitamins found in the samples.
where C = concentration of analyte in sample μg/100 g; PA a = peak area of analyte in sample; C is = concentration of respective internal standard added to sample (ng); PA is = peak area of respective internal standard in sample; RF a = response factor of analyte calculated from Equation 1; V = volume of sample diluted to mL; W = weight of sample in g; 1/1000 = conversion factor from ng to μg, e.g., 1000 ng = 1 μg; and 100 = conversion factor to 100 g. 
Results and Discussion

System Linearity Study
The linearity of vitamins D 2 and D 3 was performed in the range of 0.005-50 μg/mL. The data demonstrate a linear response for the instrument over the concentration range studied (Figure 1 ).
LOD and LOQ
The calculation of LOD and LOQ of the assay were based on the SD of the slope response and the slope (S) of the calibration curve. For infant formula, the LOD and LOQ were calculated from the injection solution LOD and LOQ using a typical 1 g sample and l mL final solution. The LOD was found to be 0.20 and 0.47 for vitamins D 2 and D 3 , respectively. The LOQ was found to be 0.61 and 1.44 for vitamins D 2 and D 3 , respectively.
Adjusting sampling weight and final solution volume will give a greater sensitivity. See Table 1 
Precision
The method precision was evaluated by analyzing different food matrixes in triplicate over 5 days. Most of the foods selected for testing contained vitamin D 3 , with the exception of irradiated mushrooms. Also notable is that whole eggs contained both vitamins D 2 and D 3 . The results from this testing are shown in Table 2 .
Accuracy
Four matrixes were analyzed at four levels according to the method to show accuracy. The % recovery was calculated from the slope of the linear regression. See Table 3 for the results.
The accuracy was examined by a comparison of the mean LC-MS/MS precision results to the HPCL-UV analysis of the samples and the label claim of the products used in the validation study. Table 4 shows a comparison of the label claim with the results obtained by UPLC-UV and LC-MS/MS.
Robustness
To test the robustness of the method, two different lots and lengths of columns (Waters UPLC HSS C18, 100 mm, a The LOQ was verified in nonfortified ready-to-eat (RTE) cereal, mushrooms, and yogurt spiked with 0.5 µg/100 g at the recommended sample preparation weights for the assay. S/N 010738038154 12; and 50 mm, S/N 011730124156 71) were used with no significant impact on the results. The evaluation of an alternative stationary phase, Waters UPLC HSS T3 column (100 mm, S/N 0116392741) gave poor peak symmetry and, therefore, was not recommended. Various manufacturers and lots of materials used in the mobile phase preparation and SPE cleanup were performed with no aberrations observed. Also used intermittently throughout the study were two Waters Quattro Premier XE Micromass LC-MS/MS units (S/N VAB 1100 and S/N 800). The sample solution stability was inherent to the validation study due to accessibility of the extraction equipment or the LC-MS/MS; finding samples stored post-SPE in methanol at 5°C in enclosed containers were stable for 5 days. No significant difference in vitamin D content was observed in samples stored in the dark in an enclosed container of heptane containing butylated hydroxytoluene or dried down in enclosed rotary evaporator flask after 3 days at room temperature, e.g., stoppered rocket flask in cabinet or left in the unit over the weekend.
Also tested were various grain matrixes. These samples included Wheat Chex, Rice Chex, and Corn Chex. There was no significant matrix interference present.
Measurement Uncertainty
The measurement uncertainty was calculated for the internal reference material (IRM) by the combined use of the precision data (n = 15) from the validation and the analytical competence data (n = 18) obtained during technical transfer of the method according to the formula below: µ = kσ where µ = measurement uncertainty, vitamin D µg/100 g; k = coverage factor of 2 obtained from Student's t tables with respect to degrees of freedom; σ = SD of data points. See Table 5 for the results. 
